Introduction
The spectroscopic properties and photochemistry of 9-fluorenone have attracted increased attention in recent years (Kuboyama, 1964; Yoshihara & Kearns, 1966; Kuroda & Kunii, 1967; Liptay, Weisenberger, Tiemann, Eberlein & Konopka, I968; Davis, Carapellucci, Szoc & Gresser, 1969; Singer, 1969; Caldwell, 1969; Marchetti, 1971) . The first X-ray investigation of 9-fluorenone was by Iball (1936) , in which he established the space group and lattice constants and suggested a possible molecular packing arrangement. Griffiths & Hine (1970) have reported the crystal structure of a bromine derivative, 2-bromo-9-fluorenone. The present structure determination of 9-fluorenone was undertaken to determine more accurate bond lengths and to describe the molecular packing. (x,y,z; ½ + x,½-y,z; x,½+Y,½-z; ½+x,-Y,½-z) 
Experimental
Single crystals grown from methanol were supplied by S. J. Marino of these laboratories. Space-group extinctions and preliminary lattice dimensions were obtained from precession photographs. A small crystal, 0.28 × 0.35 × 0.47 mm, was mounted on a thin glass rod with G. E. varnish cement and covered with a glass capillary to prevent sublimation. This crystal was used for intensity data collection on an automatic Picker 4-circle goniostat. To minimize the effect of multiple reflections (Zachariasen, 1965) , the c axis was oriented 4 ° from the ~p axis. Twenty reflections, at moderately high Bragg angles (Mo K~I radiation), were accurately centered through very narrow vertical and horizontal slits at a take-off angle of 0.5 ° . These observations were used as input for the computer program PICK2 (Ibers, 1966), which refined the cell and orientation parameters by the least-squares method and generated the cards to control the automated goniostat. Intensity data were collected with Zr-filtered Mo radiation at a 1.5 ° take-off angle. A scintillation detector was used, and the pulse-height analyzer was set for an approximately 90% window. All 3719 unique reflections 20< 52 ° were measured by the 0-20 scan technique at a 20 scan rate of 1.0 ° min -*. The scan range varied fi om 1.0 ° at low 20 to 1.4 ° at high 20. Stationarycrystal stationary-counter background counts were taken for 20 sec at each end of the scan. For count rates above 13,000 cycles per sec, brass attenuators were automatically inserted in the diffracted beam. To check electronic and crystal stability during the data collection, the intensity of the 355 reflection was measured every 50th reflection. No systematic variation was observed for these standard intensities. The standard deviation of 355, calculated for 81 observations, was the same as that which one would expect on the basis of counting statistics.
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Five cycles of refinement with is,tropic temperature factors and two with anisotropic temperature factors reduced R~ to 0-12. The largest structure factors were obviously affected by extinction, so the 223 largest F's were used with unit weighting to refine g. Three further cycles of anisotropic refinement were followed by the calculation of a difference Fourier, which revealed all 16 hydrogen atoms. The hydrogen atoms were assigned is,tropic temperature factors, and all atomic parameters were refined for several cycles. The largest F's were again used to adjust g, after which two final cycles of atomic parameter refinement (q= 1.3, r=0.02 Description of structure predicted that the longest benzo bond would be the C(10)-C(11) bond and the shortest would be C(2)-C(3). The relatively low values for the angles at the C(1)-and C(4)-type positions are similar to those found in the photodimer of 1,4-epoxy-l,4-dihydronaphthalene (I 18 °) (Bordner, Stanford & Dickerson, 1970) , 2-acetyl-3-indazolinone (117.5 °) (Smith & Barrett, 1969), 3-(pbromophenyl) phthalide (113 °) (Kalyani & Vijayan, 1969), and meso-3,3'-di(p-bromophenyl)bi-3-phthalidyl (116.4 °) (Kalyani, Manohar & Mani, 1967) , where benzo rings are fused to five-membered rings, and in biphenylene (115.2 °) (Fawcett & Trotter, 1966), and 3,4: 7,8-dibenzotricyclo[4.2.0.02'S] octa-3,7-diene (115.4 °) (Barnett & Davis, 1970) , where benzo rings are fused to four-membered rings. For these otherwise unsubstituted benzo rings, the four-and five-membered fused rings impose bond angles of approximately 90 and 108 ° at sp 2 carbon atoms, and cause the benzo angles at the points of fusion to become greater than 120 ° to relieve the strain. The effect of the enlargement of the benzo angles at the fusion points is to reduce the angles at the C(1)-and C(4)-type positions below 120 °. A striking example of this effect is found in benzo-[l,2:4,5]dicyclobutene (Lawrence & MacDonald, 1969) , where four-membered rings are fused to opposite sides of a benzo ring and the angle at C(1) is reduced to 108 ° .
The averages of four C(9)-C(13)-type bonds (1-486 A) and of two C(11)-C(12)-type bonds (1.475 A) are close to the 1.48 A expected for a single bond between sp 2 carbon atoms (Lide, 1962; Dewar & Schmeising, 1960) , and indicate little, if any, conjugation interaction Table 4 across the central ring. The C-O distances average 1-220 ,&, comparable to the 1.215 ,~ found for aliphatic and conjugated aldehydes and ketones (Sutton, 1965) . As is typical of X-ray structures, the C-H bonds average 1.01 ,~, less than the true 1-08/~ separation. Equations of least-squares planes for the molecules and for the rings of the molecules, along with deviations of the atoms from the planes, are given in Table 4 . Both molecules are approximately planar with maximum deviations of 0.025/~ for the unprimed molecule (Plane A) and 0.016/~ for the primed molecule (Plane A'). The deviations from the molecular planes appear to be systematic, particularly for the unprimed molecule, but the dihedral angles between the planes of the individual rings are only about 1 ° and are not very significant in terms of bonding in the molecules.
The molecular packing is shown stereoscopically (Johnson, 1965) in Fig. 2 . The molecules pack on end in layers perpendicular to b. The two molecules in the asymmetric unit are almost parallel (dihedral angle, 5"9 °) and average 3.6/~ apart. Two asymmetric units are related by a center of symmetry to form a stack of four molecules in which the two inner (primed) molecules are parallel and 3.57/~ apart. These stacks of four are tilted in the ac plane and combine with stacks related by the e translation to form zigzag chains. Neighboring chains are nested along a, but with the axis of the stacks in the opposite direction. There are no intermolecular contacts shorter than would be expected from van der Waals radii.
